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(57) ABSTRACT

A support system through which a first extrusion roll is opera-
tively mounted upon a frame. The first extrusion roll has a
shaft that has a first operating axis and axially spaced first and
second ends. A first support assembly at the first shaft end has
afirsthousing. A second support assembly acting between the
frame and the first support assembly and has a second hous-
ing. The second housing is movable relative to the frame to
selectively change a relationship between the first extrusion
roll and a second extrusion roll on the frame that has a second
operating axis and cooperates with the first extrusion roll
during formation of a product. The first housing is movable
guidingly relative to the second housing along a first path to
thereby change an angular relationship between the first and
second operating axes.

20 Claims, 8 Drawing Sheets
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1
EXTRUSION ROLL WITH SELECTABLE
SKEW CAPABILITY

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to rolls as used in systems to extru-
sion form products and, more particularly, to a roll that can be
selectively skewed relative to a cooperating roll.

2. Background Art

In conventional extrusion forming systems, moldable
material is deposited at a nip location between cooperating
rolls that are supported at their axial ends upon a frame. By
turning the rolls around parallel axes, material is formed to a
thickness determined by the gap between the rolls. A problem
that is commonly encountered with these systems is the defor-
mation of typically a smaller diameter roll in a cooperating
roll pair caused by the thickness of the extruded material
during product formation. The material tends to produce a
wedging action that causes the unsupported central region of
the smaller diameter roll in the cooperating roll pair to deform
to a shallow arch shape. It is difficult to maintain a uniform
product thickness when this condition occurs. If no accom-
modation is made for this roll deformation, the quality of the
formed product may be compromised.

Further, the arching of the roll tends to produce significant
forces upon the ends of a shaft that support the roll upon the
frame. In anticipation of this occurring, the shaft and support-
ing structure may be made with a more robust, and potentially
more expensive, construction.

It is also known to skew the deformed roll to place its axis
at a slight angle to the axis of the cooperating roll. This causes
the arch shape to more closely conform to the cooperating
roll, as a result of which there is a more uniform gap dimen-
sion over the full axial extent of the rolls, even with the
deformation of the one roll maintained.

Heretofore, skew mechanisms have been designed so that
the shaft ends on the skewed roll are offset in a manner
whereby the supports for the shaft ends on the frame are
subjected to potentially large forces. In essence, the parts
become misaligned so that as the system is operated, the
interacting parts, such as the shaft ends, bearings, and sup-
ports, are prone to becoming worn, and may ultimately be
prone to failing.

A failure of a part or parts on cooperating components on
an extrusion forming line may necessitate shutting the entire
line down. This down time can have significant economic
consequences, particularly in operations where profit mar-
gins are thin.

This industry continues to develop overall system designs
that are economically feasible, yet highly reliable in opera-
tion, thereby to avoid, or minimize, system downtime. The
same design criteria drive the design of skew mechanisms. In
spite of designers’ striving to meet the above objectives,
existing, commercially available systems that allow roll
skewing are deficient in one or more respects. The industry
continues to seek out improved designs for skew mechanisms
on extrusion forming systems.

SUMMARY OF THE INVENTION

In one form, the invention is directed to a support system
through which a first extrusion roll is operatively mounted
upon a frame. The first extrusion roll includes a shaft that has
a first operating axis and axially spaced first and second ends.
The support system consists of: a) a first support assembly at
the first shaft end and including a first housing; and b) a
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second support assembly acting between the frame and the
first support assembly and including a second housing. The
second housing is movable relative to the frame to selectively
change a relationship between the first extrusion roll and a
second extrusion roll on the frame. The second extrusion roll
has a second operating axis and cooperates with the first
extrusion roll during formation ofa product. The first housing
is movable guidingly relative to the second housing along a
first path to thereby change an angular relationship between
the first and second operating axes.

In one form, the first path is substantially a straight line
path.

In one form, the support system is provided in combination
with: a) the second extrusion roll that cooperates with the first
extrusion roll to define a variable gap therebetween; and b) an
actuating assembly through which the first extrusion roll is
repositioned relative to the second extrusion roll to vary a
dimension of the gap. The actuating assembly has a drive
component that acts against the first housing by imparting a
force that is transmitted from the first housing to the second
housing to thereby vary the dimension of the gap.

In one form, the second housing has an opening through
which a part of the first housing is exposed. The drive com-
ponent acts against the exposed part of the first housing.

In one form, the first housing supports a bearing at the first
shaft end.

In one form, the part of the first housing is a discrete
projection that extends into the opening in the second hous-
ing.

In one form, the second extrusion roll has a shaft that is
movable around the second operating axis and has axially
spaced first and second ends. The first end of the second
extrusion roll is supported on the frame by a third housing.
The actuating assembly acts between the third housing and
the first housing.

In one form, the support system further includes an actua-
tor assembly for selectively moving the first housing in oppo-
site directions in the first path.

In one form, the actuator assembly is operated one of: a)
manually; and b) through a powered drive.

In one form, the actuator assembly acts between the first
and second housings.

In one form, the actuator assembly includes a first compo-
nent that is turned selectively in opposite directions around an
axis to thereby move the first housing in opposite directions in
the first path.

In one form, there is a bearing that supports the first shaft
end. The actuator assembly defines a communication path for
a lubricant extending to the bearing.

In one form, the first component is threadably engaged
with a second component that extends between, and is con-
nected to, each of the first and second housings.

In one form, the support system has third and fourth sup-
port assemblies, respectively the same as the first and second
support assemblies, to cooperate with the second shaft end
and frame in the same manner that the first and second support
assemblies cooperate with the first shaft end and frame.

In one form, the angular relationship between the first and
second operating axes is changeable from a first relationship,
wherein the first and second operating axes are substantially
parallel, into second and third relationships wherein there are
opposite skew angles formed between the first and second
operating axes.

In one form, the second housing is guided for movement
relative to the frame in a second path to vary a spacing
between the first and second operating axes at the first shaft
end.
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In one form, the second path is substantially a straight line
path.

In one form, the first housing has a substantially squared
shape with oppositely facing surface pairs.

In one form, the first path is substantially a straight line
path. One of the surfaces in one of the surface pairs has a first
dimension parallel to the first path. A majority of the first
dimension of the one of the surfaces bears against the second
housing to transmit the force from the first housing to the
second housing.

In one form, the invention is directed to a method of chang-
ing a relationship between first and second extrusion rolls, as
set forth above. The method includes the steps of: providing a
support system, as set forth above; imparting a force directly
to the first housing; and causing the force imparted to the first
housing to be transmitted to the second housing to move the
first shaft end and change a spacing between the first and
second operating axes at the first end of the first extrusion roll.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a support system,
according to the present invention, incorporated into a system
with first and second cooperating extrusion rolls operatively
mounted upon a frame;

FIG. 2 is a schematic, side elevation view of the first and
second extrusion rolls shown in FIG. 1, operatively mounted
in a conventional manner, and wherein a material is directed
in a gap therebetween to cause deflection of the upper of the
two rolls;

FIG. 3 is a schematic, front elevation view of the rolls in the
FIG. 2 state;

FIG. 4 is a schematic depiction of opposite skew angles for
axes of cooperating extrusion rolls;

FIG. 5 is a perspective view of one exemplary component,
as shown in FIG. 1, and having incorporated three cooperat-
ing extrusion rolls and the inventive support system;

FIG. 6 is an enlarged view of the portion of the component
within the rectangular box shown in FIG. 5;

FIG. 7 is a fragmentary, cross-sectional view of an actuat-
ing assembly used to vary the spacing between axes of coop-
erating extrusion rolls on the component in FIGS. 5 and 6;

FIG. 8 is a front elevation view of the component in FIGS.
5-7,

FIG. 9 is an enlarged, front elevation view of first and
second extrusion rolls on the component in FIGS. 5-8;

FIG. 10 is a plan view of the components shown in FIG. 9
and with there being no skew of the upper extrusion roll;

FIG. 11 is a cross-sectional view of the support system
taken along line 11-11 of FIG. 10;

FIG. 12 is an enlarged, fragmentary, bottom view of a part
of the inventive support system and showing cooperating
support assemblies;

FIG. 13 is a view corresponding to that in FIG. 10 with the
upper extrusion roll skewed in one direction;

FIG. 14 is a cross-sectional view of the support system
taken along line 14-14 of FIG. 13;

FIG. 15 is a view corresponding to that in FIGS. 10 and 13
and with the upper extrusion roll skewed in a direction oppo-
site to that shown in FIG. 13;

FIG. 16 is a cross-sectional view of the support system
taken along line 16-16 of FIG. 15;

FIG. 17 is an enlarged, side elevation view of the cooper-
ating extrusion rolls as shown in the FIG. 10 state;

FIG. 18 is a view as in FIG. 17 and showing the extrusion
rolls in the FIG. 13 state;
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FIG. 19 is a view as in FIG. 17 and showing the extrusion
rolls in the FIG. 15 state;

FIG. 20 is a schematic representation of a power drive for
operating the actuating assembly in FIG. 7; and

FIG. 21 is a flow diagram representation of a method for
changing a relationship between extrusion rolls, according to
the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

InFIG. 1, a support system, according to the present inven-
tion, is schematically depicted at 10, through which a first
extrusion roll 12 is operatively mounted upon a frame 14. The
support system 10 is contemplated for use in virtually any
system wherein there are at least two rolls, in this case a first
extrusionroll 12 and a second extrusion roll 16, that cooperate
to allow a sheet product 18 to be formed/advanced therebe-
tween. The components are shown in schematic form in FI1G.
1 to encompass virtually a limitless number of different com-
ponent configurations and arrangements. What is significant
with the present invention is the incorporation of two extru-
sion rolls 12, 16 that cooperate so that as one or more layers
are passed therebetween during product formation, there is a
tendency of the first extrusion roll 12 to deflect/deform
between spaced support locations.

More specifically, the invention is directed to a support
system 10 that allows skewing of a first operating axis 20 for
the first extrusion roll 12 relative to a second operating axis 22
for the second extrusion roll 16 to accommodate deflection/
deformation, as described for conventional systems with
respect to FIGS. 2-4.

As depicted in those Figs., material 24, being an extrusion
formable starting material, and/or a pre-formed sheet layer,
when advanced through a gap G defined between roll surfaces
26, 28, generates forces that cause the surface 26 to be urged
radially away from the surface 28 at the unsupported center
region at 30 so as to cause an appreciable deflection/defor-
mation of the extrusion roll 12. This causes the first extrusion
roll 12 to assume an arch shape, as shown in a somewhat
exaggerated manner in FIG. 3. This produces significant
stresses and forces on the end supports for the extrusion roll
12 and also causes a mismatching of the roll surfaces 26, 28
that causes the gap G to vary along its axial extent, which may
result in a product, advancing downstream from the gap G,
having a non-uniform thickness.

It is known to angularly reorient the first extrusion roll 12
to “skew” its axis 20 relative to the axis 22 for the other
extrusion roll 16 to accommodate this roll deformation. This
skewing allows the arched extrusion roll 12 to wrap conform-
ingly slightly around the surface 28, as opposed to aligning
the extrusion rolls 12, 16 over a straight line that is parallel to
the axes 20, 22, when there is no roll deformation. This allows
the dimension of the gap G to be substantially uniform over its
full axial extent with the roll deformation maintained. Skew-
ing is carried out in either upstream or downstream directions,
as indicated in FIG. 4 by the angles a, al, between the axes
20, 22.

One exemplary support system 10 is shown on an exem-
plary system component, in the form of a roll stand 30 in
FIGS. 5-8, that may be used by itself or incorporated into a
system to operate in a coordinated manner with other com-
ponents to form and handle sheet products. The roll stand 30
consists of a frame 32 through which the operating compo-
nents are supported in operative relationship upon a subjacent
surface 34. The frame 32 consists of separate side frame parts
36, 38 which cooperatively support the first extrusion roll 12,
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the second extrusion roll 16, and a third extrusion roll 40. The
first extrusion roll 12 has a shaft 42 with axially spaced ends
44, 46 supported respectively on the frame parts 36, 38. The
second extrusion roll 16 has a shaft 48 with axially spaced
ends 50, 52 supported respectively on the frame parts 36, 38.
The third extrusion roll 40 is similarly operatively mounted.

The shaft 42 defines the first operating axis 20. The shaft 48
defines the second operating axis 22, with the third extrusion
roll having a supporting shaft 58 with a third operating axis
60.

In this embodiment, the first extrusion roll 12 has a smaller
diameter than each of the extrusion rolls 16, 40. The second
extrusion roll 16 is operatively mounted to the frame 30 so
that its axis 22 is at all times angularly fixed relative to the
frame 30.

On the other hand, the extrusion roll 12 is movable verti-
cally relative to the extrusion roll 16 to vary a dimension of the
gap G therebetween. Similarly, the extrusion roll 40 is mov-
able vertically relative to the extrusion roll 16, to vary the
dimension of a gap G1 therebetween.

The basic components on the roll stand 30 are generally the
same as those shown in U.S. Pat. No. 8,152,509, the disclo-
sure of which is incorporated herein by reference. U.S. Pat.
No. 8,152,509 also discloses details of paired actuating
assemblies 62a, 625 and 62¢, 62d that are used to move the
extrusion rolls 12, 40 relative to the extrusion roll 16, to
respectively vary the dimensions of the gaps G, G1.

The support system 10 has similar components incorpo-
rated at each axial end of the roll 12, and thus only the
exemplary structure at the shaft end 44 will be described, with
it understood that the components at the opposite shaftend 46
have the same construction and operate in the same manner.

The support system 10, as shown additionally in FIGS.
9-19, consists of a first support assembly 64 with a first
housing 66 and a second support assembly 68 with a second
housing 70. The second support assembly 68 acts between the
frame 14 and the first support assembly 64.

More specifically, the housing 70 is guided vertically rela-
tive to the frame part 36 along an elongate rail 72. The rail 72
defines a vertical, linear path for the housing 70. By moving
the housing 70 vertically upwardly, the spacing between the
axes 20, 22 is increased, thereby increasing the dimension of
the gap G. As noted above, the components at opposite ends
of the extrusion roll 12 operate similarly and simultaneously
through actuating assemblies 62a, 625 so that the axis 20 does
not skew vertically relative to the axis 22 as the extrusion roll
12 is raised and lowered.

The housing 70 is made with separate parts 74, 76 which
allow operative placement of the housing 64 within a cavity
78 bounded by the U-shaped housing part 74. The cavity 78 is
generally squared with a longer, horizontal dimension X and
a shorter, vertical dimension X1.

The housing 66 has a generally complementary shape with
ahorizontal dimensionY that is less than the dimension X and
a vertical dimension Y1 approximately equal to the dimen-
sion X1.

The housing 66 also has a two-part construction, with a
main part 80 having the transverse dimensions Y, Y1. A sepa-
rate part 82 is secured by fasteners 84 to one surface 86 on the
housing 66 that is one of two surfaces 86, 88 making up an
oppositely facing surface pair with the horizontal dimension
Y. The part 82 projects into an opening 90 through a bottom
wall 92 of the housing 70. The housing 66 supports a bearing
94 at the shaft end 44.

The above configuration and arrangement of components
allows the housing 66 and the supported shaft end 44 to be
translated in a linear horizontal path relative to the housing 70

10

15

20

25

30

35

40

45

50

55

60

65

6

and frame 14 between a first position, shown in FIGS. 10, 11
and 17, wherein the axes 20, 22 have a horizontally parallel
relationship, to positions shown in FIGS. 13, 14 and 18 and
FIGS. 15,16, and 19, wherein the axis 20 is skewed at angles
a, al with respect to the axis 22 in opposite directions.

The housings 66, 70 and cavity 78 are dimensioned so that
the housing 66 can translate within the cavity 78 along its
linear travel path a distance adequate to allow the full desired
range of skew angles to be set.

The opening 90 in the housing 70 is dimensioned in the line
of'the travel path for the first housing 66 to be greater than the
corresponding dimension for the housing part 82 to permit the
same range of movement.

By constructing each of the housings 66, 70 with multiple
parts, the main part 80 of the housing 66 can be advanced into
the cavity 78 that is exposed with the part 76 of the housing 70
separated. Once the housing part 80 is fully within the cavity
78, the housing part 82 can be put in place through the open-
ing 90 and secured using appropriate fasteners 84. The hous-
ing part 76 can thereafter be put in place on the housing part
74 and secured using like fasteners 96. All of the fasteners 84,
96 may be conventional threaded fasteners.

The actuating assemblies 62a, 625 are of substantially the
same construction, as shown in U.S. Pat. No. 8,152,509. The
exemplary actuating assembly 62a, shown in detail in FIG. 7,
has a drive component 98 that acts directly against the hous-
ing 66, and specifically the part 82 thereon exposed at the
opening 90, as opposed to acting directly against the housing
70. This construction is preferred so that the driving force is
imparted through the housing 66 to the upper region of the
housing 70, thereby making it less prone to being distorted
under the applied force. More specifically, the housing sur-
face 88 bears upon a downwardly facing surface 100 that is
one of two surfaces 100, 102 of an oppositely facing surface
pair on the housing 70 that bounds the cavity 78. The force
exerted by the housing 66 is applied to the surface 100 over a
majority, and substantially the entirety, of the horizontal
dimension Y of the housing 66.

As with the construction described in U.S. Pat. No. 8,152,
509, the end 50 of the shaft 48 on the second extrusionroll 16
is supported on the frame 32 by a third housing 104. The
actuating assembly 62a, while not shown in FIGS. 11, 14 and
16-18, acts between the first and third housings 66, 104,
respectively.

The actuating assembly 62a, as shown in FIG. 7, consists of
a threaded base 106 secured to the third housing 104 using
fasteners 108. The drive component 98 is threaded to the base
106 and is turned by pivoting a ratcheted handle 110.

Alternatively, as shown in FIG. 20, the drive component 98
may be operated by a powered drive 112.

The support system 10 has an actuator assembly at 114 that
moves the housing 66 selectively in opposite direction in its
guided path. The actuator assembly 114 acts between the first
and second housings 66, 70.

The actuator assembly 114 consists of a first component
116 with internal threads 118 and an enlarged base 120 that is
blocked in an undercut seat 124 on the housing part 76. A
plate 126 blocks the base 120 in the seat 124 and is fixed by
fasteners 128. With this arrangement, the first component 116
is captively held against the housing part 76 but allowed to
turn around an axis 130 without shifting in an axial direction
relative to the housing part 76.

The first component 116 cooperates with a second compo-
nent 132 that extends between, and is connected to, each of
the housings 66, 70. More specifically, the second component
132 is elongate with external threads 134 engaged with the
internal threads 118 on the first component 116. The second
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component 132 has an enlarged head 136 that is fixed to the
housing part 80 by threaded fasteners 137 to project in can-
tilever fashion therefrom. The projecting portion of the sec-
ond component 132 is directed through the housing part 76
and into threaded engagement with the first component 116.

By turning the first component 116 around the axis 130, the
housing 66 is caused to be translated in its travel path in
opposite directions, dictated by the direction of turning of the
first component 116.

The second component has a through passage 138 that
communicates with a short passage 140 in the housing part 80
to the bearing 94. This arrangement defines a communication
path for a lubricant extending from externally of the actuator
assembly 114 to the bearing 94. A conventional fitting 141 is
used to introduce lubricant, as needed.

The first component 116 can be turned through a manual or
powered drive, as indicated schematically at 142 in FIG. 14.

As noted above, the opposite end 46 of the first extrusion
roll 12 can be controlled using third and fourth support assem-
blies, shown generally at 143 in FIGS. 9, 10, 13, and 15,
corresponding to the first and second support assemblies 64,
68, but on the opposite frame side at the frame part 38.

With the structures described above, the invention contem-
plates performing a method of changing a relationship
between first and second extrusion rolls, as set forth above.
The method includes the steps of providing a support system,
as described above, and shown at block 150 in FIG. 21. As
shown at block 152, a force is imparted directly to the first
housing. As shown at block 154, the force imparted to the first
housing is caused to be transmitted to the second housing to
thereby change a spacing between the first and second oper-
ating axes at the first end of the first extrusion roll.

The support assemblies 64, 68 can be operated simulta-
neously at opposite ends of each of the associated shafts to
control skew. It is possible to skew an extrusion roll by oper-
ating the support assemblies at only one axial end. Alterna-
tively, both axial ends are angularly reoriented to effect the
skewing.

The foregoing disclosure of specific embodiments is
intended to be illustrative of the broad concepts compre-
hended by the invention.

The invention claimed is:

1. A support system through which a first extrusion roll is
operatively mounted upon a frame, the first extrusion roll
comprising a shaft that has a first operating axis and axially
spaced first and second ends, the support system comprising:

a first support assembly at the first shaft end and compris-

ing a first housing; and

a second support assembly acting between the frame and

the first support assembly and comprising a second
housing,

the second housing movable relative to the frame to selec-

tively change a relationship between the first extrusion
roll and a second extrusion roll on the frame, the second
extrusion roll having a second operating axis and coop-
erating with the first extrusion roll during formation of a
product,

the first housing movable guidingly relative to the second

housing along a first path to thereby change an angular
relationship between the first and second operating axes.

2. The support system according to claim 1 wherein the first
path is substantially a straight line path.

3. The support system according to claim 1 in combination
with the second extrusion roll that cooperates with the first
extrusion roll to define a variable gap therebetween and an
actuating assembly through which the first extrusion roll is
repositioned relative to the second extrusion roll to vary a
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dimension of the gap, the actuating assembly comprising a
drive component that acts against the first housing by impart-
ing a force that is transmitted from the first housing to the
second housing to thereby vary the dimension of the gap.

4. The support system according to claim 3 wherein the
second housing has an opening through which a part of the
first housing is exposed and the drive component acts against
the part of the first housing.

5. The support system according to claim 1 wherein the first
housing supports a bearing at the first shaft end.

6. The support system according to claim 4 wherein the part
of the first housing is a discrete projection that extends into
the opening in the second housing.

7. The support system according to claim 3 wherein the
second extrusion roll comprises a shaft that is movable
around the second operating axis and has axially spaced first
and second ends, the first end of the second extrusion roll
supported on the frame by a third housing and the actuating
assembly acts between the third housing and the first housing.

8. The support system according to claim 1 wherein the
support system further comprises an actuator assembly for
selectively moving the first housing in opposite directions in
the first path.

9. The support system according to claim 8 wherein the
actuator assembly is operated one of: a) manually; and b)
through a powered drive.

10. The support system according to claim 8 wherein the
actuator assembly acts between the first and second housings.

11. The support system according to claim 10 wherein the
actuator assembly comprises a first component that is turned
selectively in opposite directions around an axis to thereby
move the first housing in opposite directions in the first path.

12. The support system according to claim 11 wherein
there is a bearing that supports the first shaft end and the
actuator assembly defines a communication path for a lubri-
cant extending to the bearing.

13. The support system according to claim 11 wherein the
first component is threadably engaged with a second compo-
nent that extends between, and is connected to, each of the
first and second housings.

14. The support system according to claim 1 wherein the
support system comprises third and fourth support assem-
blies, respectively the same as the first and second support
assemblies, to cooperate with the second shaft end and frame
in the same manner that the first and second support assem-
blies cooperate with the first shaft end and frame.

15. The support system according to claim 1 wherein the
angular relationship between the first and second operating
axes is changeable from a first relationship wherein the first
and second operating axes are substantially parallel into sec-
ond and third relationships wherein there are opposite skew
angles formed between the first and second operating axes.

16. The support system according to claim 1 wherein the
second housing is guided for movement relative to the frame
in a second path to thereby vary a spacing between the first
and second operating axes at the first shaft end.

17. The support system according to claim 16 wherein the
second path is substantially a straight line path.

18. The support system according to claim 3 wherein the
first housing has a substantially squared shape with oppo-
sitely facing surface pairs.

19. The support system according to claim 18 wherein the
first path is substantially a straight line path, one of the sur-
faces in one of the surface pairs has a first dimension parallel
to the first path and a majority of the first dimension of the one
of the surfaces bears against the second housing to transmit
the force from the first housing to the second housing.
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20. A method of changing a relationship between first and
second extrusion rolls as set forth in claim 1, the method
comprising the steps of:

providing a support system as set forth in claim 1;

imparting a force directly to the first housing; and

causing the force imparted to the first housing to be trans-
mitted to the second housing to thereby move the first
shaft end and thereby change a spacing between the first
and second operating axes at the first end of the first
extrusion roll.
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